Co-localization of active caspase-3 and DNA fragmentation (TUNEL) in normal and hyperthermia-induced abnormal mouse development.
Previous work has shown that caspase-3 activation and DNA fragmentation, two hallmarks of apoptosis, are induced in day 9 mouse embryos exposed to hyperthermia (43 degrees C); however, the methods used to assess caspase-3 activation (Western blot) and DNA fragmentation (gel electrophoresis) did not allow these apoptotic events to be localized to specific cells within the embryo. To co-localize active caspase-3 and DNA fragmentation to specific cells, we used paraffin sections of day 13 mouse limb buds, sections of control and hyperthermia-treated day 9 mouse embryos, and sequential immunohistochemical staining for caspase-3 and TUNEL staining for DNA fragmentation. We used a primary rabbit antibody specific for the active, p17 subunit of caspase-3 and a goat anti-rabbit secondary antibody conjugated to Alexa 594 fluorochrome (red fluorescence) to localize active caspase-3. To co-localize DNA fragmentation, we subsequently processed the same sections by the TUNEL method using fluorescein-labeled dUTP (green fluorescence). Using this dual labeling approach, we show that active caspase-3 (caspase-3 positive) and DNA fragmentation (TUNEL positive) occur in a sub-population of interdigital mesenchyme cells of day 13 mouse limb buds. Using the same approach, we detected a small number of caspase-3 positive and TUNEL-positive cells in the central nervous system and in the mesenchyme of the first branchial arch of untreated day 9 mouse embryos. The number of caspase-3 and TUNEL-positive cells are greatly increased 5 hr after a brief exposure to hyperthermia (43 degrees C, 13 min). Caspase-3 and TUNEL-positive cells were most abundant in the neuroepithelium of the developing central nervous system, mesenchyme of the first pharyngeal arch, and somitic mesoderm. In contrast, the heart, mesencephalic mesenchyme, and the visceral yolk sac contained few, if any, caspase-3 and TUNEL-positive cells. This is the first demonstration that activation of caspase-3 and DNA fragmentation co-localize in cells programmed to die in the interdigital mesenchyme of day 13 limb buds and in the neuroepithelium and branchial arch mesenchyme of day 9 mouse embryos. Similarly, our results represent the first co-localization of teratogen-induced activation of caspase-3 and DNA fragmentation in specific cells of early postimplantation mouse embryos, and confirm that cells of the developing central nervous system are acutely sensitive to the cell death-inducing potential of hyperthermia, whereas cells of the heart are resistant. Finally, we show for the first time that, like cells of the heart, cells of the mesencephalic mesenchyme and the visceral yolk sac are also resistant to hyperthermia-induced apoptosis.